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Endoscopic mucosal resection (EMR) is emerging as the treatment of choice and an alternative to esophagectomy in the treatment of Barrett\'s esophagus with early neoplasia and superficial esophageal cancer limited to the mucosal layer.[@B1] EMR of larger lesions requires piecemeal resection which allows the risk of higher local recurrence than in cases with *en bloc* resection. Endoscopic submucosal dissection (ESD) has been successfully applied for the treatment of early esophageal cancer including squamous cell carcinoma and Barrett\'s adenocarcinoma (BA).[@B2]

Esophageal strictures are among the most common and problematic complications of EMR and endoscopic ablation therapy in early esophageal neoplasm and the leading cause of long-term morbidity.[@B3],[@B4],[@B5],[@B6] Symptomatic stricture formation has been reported after the use of EMR, photodynamic therapy, and combination therapy in 13% to 50% of patients.[@B3],[@B4],[@B5],[@B6]

Esophageal strictures often require multiple dilations to resolve dysphagia; however, risk factors for esophageal stricture and dysphagia have not been clearly defined. Their determination would make it possible to identify those patients who may benefit from early pre-emptive intervention such as prophylactic dilation.[@B7]

In an early study, Katada et al.[@B8] reported that resection of \>75% of the esophageal circumference was associated with a high rate of stricture formation in patients with superficial esophageal squamous cell carcinoma (SESCC) and that mucosal defects longer than 30 mm were associated with greater stenosis severity. Thus, they emphasized that removal of excess mucosa should be avoided.

Mizuta et al.[@B9] analyzed regional and technical factors between cases with and without post-ESD stenosis in SESCC. Regional factors included location, endoscopic appearance, longitudinal and circumferential tumor size, invasion depth, and lymphatic and vessel invasion. The technical factors included longitudinal and circumferential sizes of mucosal defects, muscle disclosure and cleavage, perforation, and *en bloc* resection. The longitudinal and circumferential sizes of the tumors and mucosal defects were significant predictive factors for post-ESD stenosis. Receiver operating characteristic analysis showed the highest sensitivity and specificity for a circumferential mucosal defect size of more than 71% and a circumferential tumor size of more than 59%.

Another study on SESCC reported that in addition to longitudinal and circumferential diameters of the resected specimens and the proportion of extension to the whole circumference of the lumen, histological depth and procedure time were also associated with stricture formation.[@B10] In recent studies on SESCC, the rate of post-ESD stricture was reportedly 5% to 18%.[@B10],[@B11]

Chung et al.[@B7] reported complete Barrett\'s excision (CBE) by stepwise endoscopic resection in short-segment Barrett\'s high-grade dysplasia and BA. In this study, esophageal dilation was required in 33% of cases. Independent risk factors for requiring dilation included the number of mucosal resections during the index procedure and the maximal extent of the Barrett\'s segment. Additionally, circumferential Barrett\'s excision in a single session increases the likelihood of esophageal stricture.

Lewis et al.[@B12] reported factors associated with esophageal stricture formation after EMR monotherapy for neoplastic Barrett\'s esophagus. Resection of \>50% of the circumference was strongly associated and a tobacco use history ≥25 pack-years showed a tendency toward stricture formation. Total number of pieces resected and number of EMR sessions were also associated with stricture formation on univariate analysis.

In this present study by Qumseya et al.,[@B13] among 136 patients with adenocarcinoma or dysplasia of Barrett\'s esophagus, 27% had esophageal stricture. Most patients underwent EMR followed by ablation therapy. The size of the excised lesion and the number of lesions removed in the index procedure were associated with an increased risk of developing stricture. The number of EMR sessions, EMR methods, and additional ablation modalities after EMR were not significantly associated with stricture formation. These data suggest that EMR followed by ablation therapy may have a similar rate of stricture formation as that of CBE.

These authors did not have reliable information about the resected circumferential extent of the esophagus or the vertical length of Barrett\'s segment. The maximal diameter of the resected specimen and the number of resections were thought to correlate with the circumferential area of the resection. However, pre-emptive therapy for stricture may require more measurable predictors of stricture. The authors suggest that EMR in separate sessions is advantageous in reducing the risk of stricture formation when the lesions appear to be low risk and when the patient is young and a nonsmoker with no family history of esophageal cancer. As they mentioned, this requires prospective evaluation.

The pathogenesis of post-EMR esophageal stricture may be multifactorial with patient-related and technical factors.[@B7],[@B14] The diathermy setting, procedure time, muscle layer injury, EMR or ESD, additional ablation therapy for Barrett\'s neoplasm, and longitudinal and circumferential excision extents are potential modifiable technical aspects. Smoking status, degree of esophageal mucosal exposure to refluxed gastric acid content, esophageal luminal diameter (upper esophagus and esophagogastric junction are narrower than the mid-esophagus) may be patient-related factors.[@B7]

There are some differences in the definitions of esophageal stricture among studies. In some studies, esophageal stenosis was defined when a standard endoscope (9.8 mm in diameter) failed to pass through the stenosis,[@B9] while other authors defined stricture as an endoscopically identified stenosis producing patient complaints of dysphagia.[@B13] In the present study, the author defined esophageal stricture as a narrowing of the esophageal lumen regardless of the presence of dysphagia and classified as mild, moderate, and severe according to resistance to the passage of a standard endoscope (9.8 mm in diameter). Some authors reported that multiple patients with stricture \>10 mm in diameter had clinically significant dysphagia that could be caused by motility disorders that occurred after EMR or ablation therapy as well as mechanical obstruction.[@B14] Further studies may be needed to define a practical and widely acceptable definition of esophageal stricture.

Interestingly, smoking may be associated with stricture formation following EMR or ablation therapy for early neoplasm of the esophagus. Some authors reported that patients with a heavy smoking history tended to experience stricture formation,[@B12] whereas other authors reported that current or ex-smokers were at a lower risk of developing stricture compared with patients who had never smoked.[@B14]

Pre-emptive therapy for post-EMR esophageal stricture can be programmed in high-risk groups of patients, especially when up to 75% of the esophageal circumference is resected in a single session. Although endoscopic balloon dilation has been a treatment of choice, esophageal stricture following semicircular or complete circular ESD is sometimes refractory to endoscopic dilation and should be treated by multiple weekly pre-emptive endoscopic balloon dilation.[@B11] The endoscopic injection of triamcinolone, a long-acting steroid derivative, may prevent esophageal stricture after widespread ESD.[@B15] The use of oral prednisolone reduced the number of endoscopic balloon dilation sessions after complete circular ESD (15.6 vs. 1.7).[@B12] Ohki et al.[@B16] produced tissue-engineered cell sheets and investigated the safety and efficacy of endoscopic transplantation of tissue-engineered autologous oral mucosal epithelial cell sheets for preventing stricture formation after semicircular ESD. Eight of nine patients did not experience dysphagia or stricture following the procedure.

In conclusion, esophageal stricture and dysphagia following endoscopic resection of early esophageal neoplasm decrease patient quality of life. Patient, regional, and technical factors of esophageal stricture formation should be considered and prophylactic therapy following semi-circumferential or circumferential endoscopic resection is recommended. Prophylactic therapy to prevent dysphagia and stricture formation could be performed with scheduled endoscopic dilation, triamcinolone injection, tissue-engineered cell sheet transplantation, and oral prednisolone administration.
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